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Abstract: Diversified livelihoods combining farming, livestock keeping and non-farm income are
characteristic of many rural households worldwide. For the Central Asian and Caucasian region,
livestock keeping is especially important in terms of land use and socio-cultural heritage. We contribute
to the literature with data from the under-researched Caucasus region and investigate: (i) the extent of
diversification in smallholder households; (ii) the role of livestock keeping in diversification; (iii) the
influence of household-specific and location-specific variables and diversification on household
income. Based on a dataset of 303 households, we calculate contribution margins for the main
agricultural activities, household income, and diversification indices and analyze the influence of
diversification, asset and location variables on household income with a regression model. Household
income is generally diversified and a combination of four income sources (crops, livestock, poultry/bees
and social benefits) was the most frequent. The econometric analysis shows that higher household
incomes are positively correlated with higher household land and livestock assets, the presence of
non-farm work and social benefit income sources and with an increasing specialization as measured
by the diversification index. For enhancing rural household incomes and slowing down rural-urban
migration, the development of non-farm job opportunities is recommended.
Keywords: household income; smallholder; Caucasus; rural regions; diversification; agriculture;
livestock keeping; arable farming; socio-economic analyses; contribution margin
1. Introduction
Smallholder livelihoods are followed by a large proportion of rural households in the Caucasian
and Central Asian region. Similarly to other parts of the world, smallholders in this region combine
arable farming with livestock keeping and non-farm income. Smallholders typically pursue such
diversified livelihoods in order to increase income, reduce risks, stabilize income and maintain food
security [1,2] by making use of diverse assets and opportunities provided by their environment and the
markets accessible to them. Studying diversification is therefore crucial to understanding smallholder
livelihoods and to enhancing the food security and wellbeing of rural households worldwide.
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Diversified smallholder livelihoods are particularly a phenomenon of rural regions, where
households can make use of abundant and varied natural resources [3,4]. However, these regions
are also disadvantaged by inadequate infrastructure and the lack of economic possibilities beyond
agriculture [4,5] leading to outmigration and demographic change [6–8]. Thus, understanding
the influence of contextual variables, e.g., an abundance of natural resources or infrastructure,
on diversification is crucial in the formulation of context-specific policy recommendations for sustainable
rural development.
Smallholders in the Caucasian and Central Asian region differ from households in other world
regions with regard to the historical legacies of socialism and the particular prevalence of pastoralism
and pastoral livelihoods [9]. Across the region, there are only a few studies on income diversification.
Although livestock and farming are typically prevalent forms of land use, their actual importance in
household incomes may vary [6,10–12]. Often, the share of non-farm incomes is reported to be higher
than that of farm activities itself [6,10,11]. The lack of non-farm activities is identified as a reason for
particularly low household incomes [5].
In pastoral regions in particular, diversification in other sectors beyond livestock keeping, such as
arable farming or non-farm incomes, may involve trade-offs. A combination of livestock keeping with
income from other sectors can have the positive effects of risk spreading and increasing incomes [6,13].
On the other hand, arable farming and non-farm occupations often require remaining in one place,
which cannot easily be combined with the management of large herds. Thus, specialization in mobile
pastoralism, allowing for diversity of livestock species and the use of multiple pastures, may be a
more profitable strategy in pastoral regions [14]. While the latter relationships have been described for
China, further research into different pastoral societies is needed to better understand the relationship
between pastoralism and diversification.
In this paper, we aim to contribute to the literature on the relationship between pastoralism and
diversification [6,13,14]. We analyze data from the Caucasus region, where the use of common pastures
plays an important socio-cultural and economic role and investigate in depth household incomes and
their composition. More specifically, we ask the following research questions:
1. To what extent do smallholders in Azerbaijan and Georgia diversify their income sources?
2. What role does livestock keeping play in diversification?
3. How do diversification and other household-specific and location-specific factors affect
household income?
For our investigations, we use a dataset from 303 livestock-keeping households in neighboring
regions in Azerbaijan and Georgia. Thus, we are able to investigate the effects on household income
composition caused by different socio-economic conditions in a similar ecological environment.
Most other studies investigating diversification in the Caucasian and Central Asian region draw on
datasets from only one country (e.g., [11,12,15] and many others), while only a few draw on cross-country
comparable datasets (e.g., [16,17]). Thus, our study is one of the few providing methodologically
sound small-scale cross-country comparisons of income, its composition and determinants.
As an intermediate result, we also comparatively investigate the economic performance of
agricultural activities using cost-revenue calculations, which is seldom done for smallholder households
due to the diversity and small-scale of smallholder agricultural activities. In combination with
information on income from social benefits and non-farm occupations, the cost and revenue data help
to explain differences in household income of smallholder households.
2. Literature Review
Rural households often follow a strategy of livelihood diversification by combining different
agricultural and non-agricultural activities to buffer the seasonality of income flows, reduce the risk of
income failure, and improve their living standards [18]. Livelihood diversification is not synonymous
with income diversification since livelihoods also encompass “access to, and benefits derived from,
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social and public services provided by the state such as education, health services, roads, water supplies
and so on” ([18], p. 4). Nevertheless, many diversification studies focus on income as an easy to
compare measure.
There is a burgeoning literature on diversification in sub-Saharan Africa, where diversification is
claimed to be the norm [19–22]. However, in other world regions as well, such as in rural regions in
Asia [23] or the Americas [24,25] plus settings in developed countries [26], diversification is widespread.
In the Caucasian and Central Asian region, diversified smallholder livelihoods were increasingly
pursued in the post-socialist transition period with the breakdown of the large collective and state
farm structures, though only a few contributions have explicitly studied diversification [4,12,27].
Households diversify their income due to a range of factors, including seasonality, risk and coping
strategies, differentiated labor markets as well as savings and investment strategies and credit market
imperfections [18]. In this way, diversification has been proven to be associated with higher income
levels, greater household wellbeing [26,28] and a greater ability to cope with risks [29]. The literature
distinguishes push and pull factors to diversification, where push factors relate to diversification due to
necessity often related to previous or anticipated income failure or asset shortages [18,19]. Pull factors
characterize diversification out of choice as a response to favorable opportunities or intentions to
improve household wellbeing, e.g., by asset accumulation. While the distinction is conceptually useful,
in practice a number of factors are involved [19]. In the post-socialist Caucasian and Central Asian
region, increased risk and uncertainty in particular, along with credit market imperfections, are likely
to be associated with the revival of diversification strategies.
In this study, we focus on the intermediate factors shaping and enabling diversification. The way
in which a household diversifies its income sources is largely related to household-specific factors,
such as education and wealth, but also to location-specific factors. Studies have shown that households
rich in capital assets diversify into high-return sectors requiring capital input, such as cash crop
cultivation or livestock keeping, or into profitable non-farm income sources [21,22,28]. In contrast,
poorer households often rely on common or open access natural resources found in the vicinity
of their residence, such as non-timber forest products [30–32]. Using these resources offers low
returns but provides the means of maintaining a living in a form of safety net [33]. Households with
better-educated members typically have better access to highly remunerative and stable non-farm
income sources [25,34]. In contrast, with lower education only less remunerative and partly vulnerable
non-farm income sources are accessible [22,35]. Location strongly influences the relative abundance
of resources, such as forest, pasture, arable land, water or distance from urban areas, thus partly
determining assets and possibilities for diversification. Thus, diversification strategies are adapted to
the location-specific relative abundance of resources and market access options [20,22,23,35].
3. Materials and Methods
3.1. Study Area
Rural livelihoods and the agricultural sector in Azerbaijan and Georgia are still influenced by the
post-socialist background of both countries. During the Soviet period, agriculture was characterized
by the state ownership of nearly all agricultural land and concentration of production in large-scale
collective farms called Kolkhoz or Sovkhoz [36,37]. At the end of 1991, following the dissolution of the
Soviet Union and restoration of independence, the agricultural systems of both countries collapsed,
and the land and livestock of collective farms were quickly distributed to rural households and
small farms [10,17,38,39]. In the early years of post-socialist transition, characterized by economic
restructuring and the lack of employment options, the agricultural sector served as a fallback option
providing a means of survival for a large part of the population.
Agricultural policy in both countries aimed at fast and far-reaching market deregulation and
the privatization of livestock, machinery and arable land [40]. Agriculture in Azerbaijan receives
incentives from a general economy fueled by the exploitation of oil and gas reserves. In recent
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years, avoidance of the “Dutch disease” (adverse effects on the economy due to the exploitation
of oil reserves) and food security considerations led to a renewed interest in higher agricultural
production and modernization [41] although the potential for innovations remains low [42]. In Georgia,
agricultural production suffered a comparably large decline in the 1990s with only slow recovery
resulting from weak support from frequently changing policy approaches [43]. Tourism and agriculture
now constitute a greater share of Gross Domestic Product (GDP) with a general orientation towards
the European Union. Agricultural policy is more strongly oriented towards promoting innovation,
food self-sufficiency and food safety [44,45]. In both countries, budgetary support for agriculture is
largely coupled to production [43].
Even decades after post-socialist transition, small farms and households dominate the agriculture
of both countries [46]. In Azerbaijan 88% and in Georgia 96% of the farms operate on less than
5 ha of land [47,48]. While in 2017 agriculture’s contribution to GDP was 7.2% in Georgia and
5.6% in Azerbaijan, it provided employment for 36.4% of the population in Azerbaijan and 43.1% in
Georgia [49,50]. These data underline the fact that agriculture is still characterized by small farm sizes,
low productivity, low incomes and diversification [40,46].
Livestock keeping is the most important activity. A large share of land resources, 40% in Azerbaijan
and more than 60% in Georgia, is used as pastures [49,50]. Also, the share of livestock products in the
gross output of agriculture is higher than the share of plant-growing products in both countries [49,50].
Livestock numbers show a decline in the early transition period, but have been growing since around
the year 2000. In Azerbaijan, livestock numbers are at an all-time high, partly fueled by the rapid
growth of the economy due to oil exploitation [51]. The growth of livestock numbers in Georgia
is slower and pre-transition levels have not yet been reached [50,52]. Pastures in both countries
show signs of unsustainable use; in Azerbaijan mainly due to overuse and degradation [53], and in
Georgia due to underuse occurring alongside degradation [52,54]. Unsustainable use is particularly
pronounced on village pastures [55].
Livestock keeping with the use of common pasture areas is a major source of income for local
smallholders in the mountain regions of both countries [56]. Besides stationary livestock keeping,
the huge altitudinal differences on the slopes of the Greater and Lesser Caucasus allow for a wide array
of mobile livestock-keeping systems [57]. Here, we focus on the main users of village pastures, those
smallholders active in stationary and semi-mobile livestock keeping and additionally in cropping [58].
3.2. Data Collection and Household Income Calculation
Data were collected in six case study villages, located in mountainous parts of two neighboring
regions—three in the Ganja-Gazakh region in Azerbaijan and three in the Kakheti region in Georgia
(Figure 1). Both study regions have a similar economic and ecological background and the peculiarity
that common pasture plays a substantive role as land use. Villages were selected for representing a
gradient of village pasture availability and differ in their remoteness and accessibility (Table 1) [58].
Data were gathered in 2016 in two survey stages. In a first round, socio-economic overview data
on household demographics, income earning activities, pasture use and wellbeing were collected
using a structured questionnaire and following the approaches of Benedetti et al. [59] and Nuthall [60]
(Supplementary Material S1). In total, 303 households were interviewed. The sample was derived
from permanently resident households that keep livestock and use the local common village pastures.
Households were selected by systematically walking the roads of the village since pre-survey sampling
information was not available [61].
In a second step, data were collected from 64 households randomly selected from the respondents
from the first survey, using a semi-structured questionnaire to obtain detailed cost and revenue data
for income-earning activities. Only a subsample of the first survey respondents was chosen, since
more and detailed data collected from each respondent required more time and effort in data collection
and analysis.
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Figure 1. Map of the study area indicating the study villages in bold. Source: [55].
Table 1. Overview of sampled households in the case study villages.
Item
Azerbaijani Villages Georgian Villages
Atabey Keremli Plankend Shakhvetila Gombori Arashenda
Total number of households 186 97 276 89 655 1 720 1
Permanently resident households 117 1 80 1 221 1 85 2 285 2 355 1
Households keeping livestock 3 97 69 168 83 150 78
Sampled households of
permanently resident households
using common village pasture
62 41 39 34 78 49
Households interviewed to
obtain cost-revenue data 11 13 14 6 11 9
1: Data for community (Belediyye in Azerbaijan, Temi in Georgia) comprising several other villages in addition to
case study village; 2: Data from district administrations. Some permanently resident households in Arashenda and
Gombori do not engage in agriculture; 3: Own data collection.
Information on the amount of income from non-farm activities and social benefits was obtained
from statistics, since respondents in the villages were mostly reluctant to disclose information on
these activities during the interviews. We thus used data from the statistical yearbooks of Azerbaijan
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and Georgia for 2016 [62,63]. Combining these data with household survey information on the
presence of income categories we calculated household incomes for the non-farm wage categories of
public employment, permanent employment in private enterprises, self-employment and salaried
work, as well as for categories of social benefits comprising pensions, other state benefits and other
private benefits.
For agricultural activities, cost-revenue calculations were set up for the most important
livestock-keeping and farming activities for the different villages. In livestock keeping, calculations
were performed for the keeping of cattle, sheep, goats, pigs, chicken, geese and bees; in farming in
the production of potatoes, wheat, raspberries, grapes and hay (Supplementary Material S2–S15).
In farm-economic terms, we calculated the contribution margin (equal to gross margin [64]), which
approximates profit since the fixed costs for smallholders can be assumed to be very low. Calculations
refer to one year and an appropriate unit (mother animal unit, hectare or bee hive). All production,
including that for subsistence, was valued using local market selling prices. Among variable costs
positions, replacement for livestock production was calculated using the opportunity costs of selling.
Household-external non-permanent labor was accounted for, while household-internal labor was
not included [60,65,66]. If data for individual cost positions or an activity were not available for a
single village, information was transferred from the most similar village in the same country for which
data were available. Based on these contribution margins, household incomes from arable farming,
livestock, beekeeping and poultry keeping were calculated.
This information on contribution margins was multiplied by the respective unit value (e.g., mother
animal unit or area unit) obtained in the first socio-economic survey to compute household incomes.
Details on calculating contribution margins and household income can be found in Supplementary
Material S2–S18. Cost-revenue and household income calculations as well as descriptive statistics were
compiled in MS Excel© [67].
3.3. Analysis
To assess the economic performance of agricultural activities performed by the household,





where R indicates the revenue and VC the variable costs [60,64,65]. The higher the CMR the better the
economic performance, as it provides a measure for the remaining share of the revenue that is used for
covering fixed costs [68].
We assessed diversification of household income using the Herfindahl-Hirschman Index (HHI),
originally invented to measure industrial concentration [69], but now also well-established for assessing







with k indexing the income category, K = 5 as the total number of income categories used in this
study, and s being the share of the respective income category in total income. The index takes the
value of 1 in the case where all income is derived from one source, meaning maximum specialization,
and a minimum value of 0 in the case where income is derived from all sources equally, meaning
maximum diversification.
For assessing the determinants of household income we calculated Ordinary Least Square (OLS)
multiple linear regression models with robust standard errors in Stata©(Statacorp, College Station, TX,
USA) sequentially introducing variable dimensions [71]. We specified the model as follows [72]:
Yi = β0 + β1X1i + β2X2i + · · ·+ βkXki + ui (3)
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in which Yi is the household income, X1i, X2i, . . . Xki are explanatory variables, β0 is the intercept,
β1, β2, . . . βk are the slope coefficients on the respective variables X and ui constitutes the error term.
OLS regression models are a standard procedure in statistical analysis and diversification studies
using continuous dependent variables [4,73–76]. Variables suspected to influence household income
based on the literature review are: (i) diversification of income sources (measured by the HHI as
described above); (ii) household assets covering the main dimensions land, livestock and labor;
(iii) additional activity variables for non-farm income and mobility; (iv) characteristics of the household
head (age, gender and education); and (v) location-specific dummy variables for country (Azerbaijan
or Georgia), the village with the scarcest pasture resources in each country (Plankend and Arashenda)
and the village with the most remote location in each country with no asphalt road (Atabey and
Shakhvetila). As we suspected that relationships could differ between the two countries, we repeated
regressions with subsets of the data for each country.
In order to correct for left-skewed distributions of dependent variables, which is often the
case for wage- or income-related variables, a log-transformation of the dependent variable is
common [77]. The dependent variable in our data set, total household income, is slightly left
skewed, however, log-transformation yielded a variable that is right-skewed to the same degree.
Thus, the non-transformed variable was used, since a transformation would not lead to improved
variable characteristics. As the full model thus exhibited evidence of heteroscedasticity, we used a
model specification with robust standard errors and apply caution in the interpretation of significance
levels [73]. Potential bias from multicollinearity was not present based upon inspection of a correlation
matrix of independent variables and the variance inflation factor [73,77].
4. Results
4.1. Demographics
Table 2 depicts basic demographic data on the surveyed population. In Georgian households,
members tend to be fewer and generally older compared to the Azerbaijani households. Generally,
the surveyed population is aging, as the age tree (Figure 2) shows. The dependency ratio is similar to
that of the general population. The data underline the observation that young people and families
with children in particular leave the villages to benefit from better education and job opportunities in
the cities. The education level is generally satisfactory, with the majority of the population having
graduated from school but with no further education. The self-reported occupation shows the
importance of agriculture in the study villages since on average more than 60% of the economically
active population are engaged in agriculture.
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Table 2. Demographic information on the surveyed population.
Item Unit Azerbaijani Villages Georgian Villages
Village Atabey Keremli Plankend Average Shakhvetila Gombori Arashenda Average
Mean age years 33.0 (20.88) 32.9 (21.22) 34.6 (20.72) 33.4 (20.93) 46.7 (21.36) 39.1 (23.05) 42.0 (22.48) 41.3 (22.72)
Gender (Females) % 44.6 49.5 49.7 47.4 40.9 48.5 47.9 47.1
Household size persons 4.7 (1.88) 5.2 (1.79) 4.3 (1.51) 4.8 (1.78) 2.7 (1.28) 3.8 (1.79) 3.9 (1.67) 3.6 (1.72)
Economically active population (EAP) per household persons 3.4 (1.27) 3.5 (1.31) 3.3 (1.15) 3.4 (1.24) 2.3 (1.18) 2.8 (1.29) 2.7 (1.08) 2.7 (1.22)
Dependency ratio % 40.0 46.2 33.1 40.0 45.3 43.6 47.0 45.0
Education status In education % of EAP 9.0 7.6 7.9 8.3 4.7 10.9 8.3 9.1
Graduated from school % of EAP 75.2 67.6 77.2 73.4 57.8 53.1 34.1 47.7
Graduated from higher education % of EAP 15.7 24.8 15.0 18.3 37.5 36.0 57.6 43.2
Current activity Agriculture % of EAP 62.9 48.3 65.4 59.1 76.6 65.4 63.6 66.6
Public job or self-employment % of EAP 12.9 29.0 14.2 18.0 6.3 10.4 18.9 12.5
Searching for job % of EAP 6.7 2.8 0.8 3.9 4.7 6.2 1.5 4.4
Other % of EAP 17.6 20.0 19.7 18.9 12.5 18.0 15.9 16.5
Notes: N = 1260; standard deviation in brackets. EAP: Economically active population (aged 15–64 years). Dependency ratio: calculated as the sum of the number of children <15 years and
elderly >64 years divided by EAP. In education: school, vocational school, college or university. Higher education: vocational school, college or university. Other: pension, in education,
disabled persons, soldiers.
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Figure 2. Age tree of the surveyed population in the Azerbaijani and Georgian study villages. Note:
N = 1260, the x-axis depicts percentages of the surveyed population.
4.2. Overview of Income Sources of Households
The sampled households are mostly smallholders deriving their income from arable farming,
livestock, poultry keeping and beekeeping, as well as other farm and non-farm income sources (Table 3,
additional details in Supplementary Material S19–S23).
Livestock keeping is done by all surveyed households, which is due to the selection criteria of the
sample. The keeping of two to five milk cows, primarily for self-provision with milk products, is most
widespread, but sheep keeping is also carried out by more than 50% of the surveyed households,
especially in the Azerbaijani case study villages. Only 15% of households keep goats. Livestock mostly
grazes on common village pastures and is fed with bought or self-produced hay during winter. Pigs are
only kept in the Georgian case study villages.
Regarding arable farming, households farm, on average, a total area of 2.2 ha including their land
plot, home garden, hay meadow and vineyards. While home gardens are located in the village around
houses, all other farmed areas are located outside the village. Home gardens with an average size of
0.3 ha have a huge importance for growing crops and vegetables. Usually, approximately seven crops
are grown by an average household, with potato and wheat being the most important. Vineyards with
grapes are found in the Georgian study villages, particularly in Arashenda. While potatoes, wheat and
grapes occupy the largest areas and are also sold, other crops such as different vegetables (beans, tomato,
cabbage, herbs) are mostly used for self-consumption. Raspberries are a specialty in the Azerbaijani
village Keremli, where they are grown for market production by 15 households in the sample.
Besides livestock, between 77 and 97% of households in the different villages keep poultry. While
chicken are the most widespread, geese, turkeys and ducks are also kept (mainly in the Azerbaijani
study villages). On average, a household has around 19 head of poultry. Beekeeping is less widespread
with, on average, 17% of the households in one village keeping between three and five beehives.
A total of 80% of households combine agricultural activities with non-farm income, either
from social benefits or from non-farm work. Social benefits comprise pensions, which are the most
widespread non-farm income category, and other state and private benefits. Among non-farm work,
public employment and salaried work are most widespread. Non-farm income sources are most
abundant among the households of Keremli and Arashenda.
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Table 3. Overview of income sources of surveyed households.
Item Unit Azerbaijani Villages Georgian Villages
Atabey Keremli Plankend Average Shakhvetila Gombori Arashenda Average
Livestock keeping % of households 100 100 100 100 100 100 100 100
Livestock units 5.9 (8.05) 10.0 (6.30) 3.3 (4.92) 6.4 (7.25) 8.4 (8.24) 4.3 (3.31) 7.1 (12.66) 6.04 (7.86)
Sheep units 44.8 (71.95) 69.0 (44.91) 25.6 (36.47) 46.5 (58.64) 40.0 (44.83) 27.3 (22.90) 44.3 (76.15) 35.2 (49.67)
Arable farming % of households 100 100 100 100 100 94 100 97
Total area (ha) 3.2 (2.06) 2.8 (2.70) 0.7 (0.59) 2.4 (2.26) 1.2 (0.65) 1.5 (1.19) 3.2 (4.65) 1.9 (2.85)
Crop area (ha) 2.4 (1.44) 1.8 (1.81) 0.5 (0.54) 1.7 (1.57) 0.8 (0.51) 0.6 (0.81) 3.0 (4.40) 1.4 (2.74)
Crop species 5.5 (3.40) 7.0 (3.86) 6.3 (3.72) 6.2 (3.65) 8.0 (2.94) 6.6 (3.56) 8.8 (3.06) 7.6 (3.40)
Use of fruits % of households 84 90 95 89 100 94 98 96
Fruit species 3.8 (1.65) 4.9 (2.42) 4.0 (1.77) 4.2 (1.98) 5.9 (2.57) 4.7 (2.11) 5.5 (2.43) 5.2 (2.36)
Poultry keeping % of households 95 95 97 96 76 83 96 86
Heads 16.0 (10.90) 33.5 (27.18) 14.9 (12.88) 20.8 (19.31 14.4 (32.12) 9.7 (7.19) 34.2 (35.64) 18.2 (23.79)
Beekeeping % of households 23 27 13 21 29 8 10 13
Beehives 3.4 (3.61) 3.3 (2.61) 2.8 (1.30) 3.3 (2.91) 5.1 (3.11) 3.0 (2.45) 4.2 (2.39) 4.3 (2.80)
Social benefits % of households 48 68 62 58 56 60 59 59
Number of social benefits income sources 1.0 (0.00) 1.1 (0.36) 1.3 (0.46) 1.1 (0.34) 1.2 (0.37) 1.0 (0.20) 1.0 (0.19) 1.1 (0.24)
Non-farm work % of households 35 56 31 40 21 47 59 45
Number of non-farm work income sources 1.1 (0.35) 1.3 (0.56) 1.3 (0.45) 1.2 (0.46) 1.4 (0.53) 1.4 (0.49) 1.3 (0.47) 1.4 (0.48)
Notes: N = 303; Table displays percentages of households and means. Standard deviation in brackets. Sheep unit (SU): 1 cattle = 6 SU,1 sheep = 1 SU, 1 goat = 0.6 SU,1 horse = 8 SU,
1 donkey = 5 SU [12] and own calculation.
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On average, households have approximately four income sources, with the combination of
Farming-Livestock-Poultry-Social benefits being most frequent at 32% of households. Only a negligible
share of 2.6% of households have only one or two income sources.
4.3. Economic Performance of Agricultural Activities of Households
The contribution margin ratios (CMRs) as indicators of economic performance of the agricultural
activities undertaken by village households are displayed in Table 4. Most activities show a satisfying
economic performance. The CMR is particularly good for beekeeping and potato production as
indicated by results higher than 70% in most villages. Potato production in Azerbaijan, especially in
Atabey, has very high yields, and contribution margins are two to four times higher than in Georgia
and five to ten times higher than those for wheat production (Supplementary Material S12). This is also
confirmed by villagers who perceive potato production as very profitable and increasingly convert hay
meadows to potato fields. Livestock-keeping activities show a good to satisfying economic performance
with a CMR above 50%, as well. In contrast, the economic performance of grape production in Georgia
is not satisfactory as indicated by the relatively low CMR of 34%. According to villagers this is due to
low grape selling prices. The CMR indicates that hay meadow use is economically hardly profitable in
both countries. It is also confirmed by the frequent behavior of villagers abandoning hay meadow use
due to low profitability.
Table 4. Economic performance (Contribution Margin Ratios, CMRs) for agricultural activities. A higher
CMR indicates a better economic performance.
Activity Unit Azerbaijani Villages Georgian Villages
Atabey Keremli Plankend Shakhvetila Gombori Arashenda
Cattle keeping % 58 51 54 59 65 64
Sheep keeping % 66 62 72 62 62 64
Goat keeping % 61 62 73 57 56 60
Pig keeping % 44 49 49
Chicken keeping % 38 43 44 48 48 48
Goose keeping % 49 49 49
Beekeeping % 71 73 63 76 75 78
Potato production % 72 59 68 69 71 66
Wheat production % 49 51 49 49 49
Raspberry production % 60
Grape production % 34 34
Hay meadow use % 38 20 30 23 23 23
4.4. Household Income
Household income amounts to between 67 and 128 EUR/person and month in the Azerbaijani
case study villages and between 99 and 133 EUR/person and month in the Georgian villages (Table 5).
While the overall household income is higher in the Azerbaijani villages, the per capita income is
higher in Georgia due to the effect of smaller household sizes in Georgia. Compared to the national
average household income in Azerbaijan of 258 AZN/person and month [49], the household income in
the Azerbaijani villages constitutes 76% of this average. In Georgia, compared to the national average
of 269 GEL/person and month [50], the households achieve a higher income of 118%. Thus, the income
level calculated in our study is higher relative to the national average in the Georgian villages.
First insights into the composition of income (Figure 3) disclose differences between countries and
villages. Non-farm income from work and social benefits contribute the greatest share to household
income in all villages except in Atabey and Shakhvetila. Arable farming has a higher relative importance
in Azerbaijan due to comparatively higher land holdings and because in Georgia a considerable share
of arable land is not cultivated (Supplementary Material S10). Livestock contributes between 17%
(Atabey) and 49% (Shakhvetila) to the household income, but generally has a higher importance in
the Georgian study villages compared to the Azerbaijani ones. Social benefits as well as potato and
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beekeeping have similar contributions to household income in all villages. Summing up all agricultural
income categories, agriculture contributes more than half of the total income in 3 villages (Atabey,
Keremli and Shakhvetila).
Figure 3. Household income and its composition in the case study villages (N = 303).
A detailed comparison of income level and composition taking into account household assets and
profitability of income sources yields further insights into differences between villages: Arable farming
contributes the highest income share in Atabey, due to the high profitability of potato production
(see Section 3.3) and particularly large holdings of arable land (Table 3). Also in Arashenda, households
have higher arable land areas, particularly vineyard areas; however, the contribution to household
income is lower due to the low profitability of grape production (Table 4). Particularly small areas
of arable land and negligible contributions of arable farming to income are found in Shakhvetila
and Gombori, while in Plankend land plots of similar size are nearly constantly cultivated with
profitable potatoes, leading to a relatively higher contribution of farming to household income. Income
from livestock varies with livestock holdings in the different villages. Livestock contributes the
relatively greatest share to household income in Shakhvetila. In this village, we find comparably high
livestock holdings alongside little arable land and few income-earning possibilities in non-farm work.
Non-farm work has a lower importance in Atabey and Shakhvetila, which are the villages with the
least developed infrastructure located at greater distances from district centers (for Atabey) or far from
the central roads (for Shakhvetila). Total income is made up of contributions from different sources and
reflects household assets and the profitability of these income sources. The high profitability of potato
production leads to the high contribution of farming to household income and, in consequence, to the
comparably highest income in Atabey, while the relatively high incomes in Arashenda are associated
mainly with profitable sources of non-farm income. Constrained assets and possibilities in farming,
livestock keeping and non-farm income lead to the relatively lowest household incomes in Plankend.
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Table 5. Household income indicators, income composition and diversification.
Country Unit Azerbaijani Villages Georgian Villages
Village Atabey Keremli Plankend Average Shakhvetila Gombori Arashenda Average















Income per person and month in EUR EUR/person* month 127.75 (80.78) 103.03 (72.75) 66.56 (56.91) 103.81 (76.37) 115.42 (92.09) 98.95 (108.63) 132.80 (104.10) 112.73 (104.39)
Income per person and month in local currency AZN or GEL/person*month 242.56 (153.37) 195.62 (138.12) 126.37 (108.04) 197.09 (145.01) 323.90 (258.42) 277.70 (304.86) 372.67 (292.14) 316.36 (292.94)
Thereof
- Livestock % 17.02 (15.29) 29.72 (14.50) 19.56 (17.27) 21.38 (16.45) 48.80 (28.98) 33.74 (26.69) 20.20 (18.37) 32.80 (26.85)
- Farming % 53.52 (24.03) 22.84 (19.08) 29.09 (22.86) 37.95 (26.24) 7.24 (17.08) 7.28 (9.95) 19.82 (17.86) 11.09 (15.40)
- Poultry and bees % 2.47 (2.53) 5.58 (6.96) 6.44 (5.06) 4.46 (5.16) 10.69 (13.82) 4.90 (6.95) 8.58 (9.88) 7.24 (9.88)
- Non-farm employment % 16.11 (24.57) 26.35 (25.90) 20.61 (32.22) 20.30 (27.38) 13.27 (27.71) 36.15 (39.00) 38.27 (34.36) 31.96 (36.60)
- Social benefits % 10.89 (14.89) 15.50 (14.27) 24.30 (25.71) 15.91 (19.04) 20.01 (23.64) 17.93 (21.34) 13.13 (16.52) 16.91 (20.57)
Diversification index % 0.36 (0.15) 0.25 (0.14) 0.36 (0.21) 0.33 (0.17) 0.44 (0.24) 0.48 (0.25) 0.34 (0.22) 0.43 (0.25)
Notes: N = 303, displayed are means, standard deviation in brackets.
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The HHI as a measure for diversification ranges between 0.25 and 0.49 indicating that, on average,
households are closer to diversification than to specialization. Lower values, indicating stronger
diversification, are predominantly found for the Azerbaijani study villages. For the Georgian villages,
higher HHI values are most likely caused by the higher share of non-farm income relative to the
contributions of other income sources.
4.5. Determinants of Household Income and Diversification
Depicting income composition in income quintiles yields some first insights into the determinants
of household income (Figure 4). While the absolute contribution of income from poultry, bees and
social benefits remains relatively stable across all income quintiles, income from farming and livestock
increases moderately, pointing to higher land and livestock possessions of households with higher
income. The strongest relationship is found with non-farm work income. While none of the households
in the lowest quintile has income from non-farm work, the share increases strongly in higher income
quintiles. For the Azerbaijani study villages, diversification decreases slightly across income quintiles:
the HHI is 0.30 for the first quintile and 0.37 (0.34) for the fourth (fifth) quintile. Diversification in the
studied Georgian households decreases more strongly from 0.35 in the first quintile to 0.58 (0.51) for
the fourth (fifth) quintile. Non-farm work accounts for 64% and 59% of the income in the fourth and
fifth quintiles in Georgian households.
Figure 4. Income quintiles of the surveyed households (N = 303).
We also calculated multiple linear regression models (OLS) with robust standard errors to test
for the influence of diversification and other variables on household income (Table 6, Supplementary
Material S24). Full models are statistically highly significant and show R-squared indicators between
0.84 and 0.90.
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Table 6. Multiple linear regression models (OLS) with robust standard errors of influential variables on household income.
Item Reduced Model 1 Reduced Model 2 Reduced Model 3 Reduced Model 4 Full Model 5
Coeff (Robust Std. Err) Coeff (Robust Std. Err) Coeff (Robust Std. Err) Coeff (Robust Std. Err) Coeff (Robust Std. Err)
Diversification
Diversification Index (HHI) 1953.515 (879.885) ** 3759.287 (630.830) *** 1869.966 (490.768) *** 1826.749 (490.840) *** 2144.088 (456.087) ***
Household assets
Land area owned by household 594.648 (99.429) *** 510.692 (113.844) *** 507.344 (116.943) *** 467.195 (88.442) ***
Livestock owned in livestock units 165.423 (23.464) *** 176.210 (21.560) *** 176.948 (21.897) *** 181.339 (20.739) ***
Number of working age household members 185.876 (101.477) * 203.119 (76.849) *** 183.953 (82.317) ** 147.250 (70.745) **
Additional activity variables
Presence of an off-farm income source (Dummy) 3197.066 (199.724) *** 3218.747 (205.020) *** 3440.236 (175.192) ***
Presence of a social benefit income source (Dummy) 952.805 (182.485) *** 892.469 (185.472) *** 1130.216 (160.907) ***
Semi-mobile livestock keeping (Dummy) 395.202 (387.840) 386.919 (379.029) 10.414 (357.922)
Characteristics of household head
Age of household head 0.427 (6.285) 5.180 (5.680)
Gender of household head 459.774 (237.305) * 227.623 (203.360)
Education of household head −60.172 (40.783) 0.427 (38.774)
Location variables
Country (Dummy; Azerbaijan = 0; Georgia = 1) −984.690 (192.467) ***
Scarce pasture resources (Dummy; Plankend and
Arashenda = 1) 280.503 (187.979)
Remote location (Dummy; Atabey and Shakhvetila = 1) 1296.096 (204.758) ***
Constant 3791.800 (387.260) *** 292.313 (395.560) −886.073 (339.783) ** −868.515 (578.578) −1407.448 (545.651) **
Model statistics
Observations 303 303 303 303 303
Prob > F 0.0272 0.0000 0.0000 0.0000 0.0000
R-squared 0.0186 0.5437 0.7761 0.7796 0.8398
Notes: N = 303, displayed are coefficients and robust standard errors. Significance levels: *: p < 0.1; **: p < 0.05; ***: p < 0.01, The HHI takes the value of 1 at maximum specialization and 0
at maximum diversification.
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Table 6 verifies that the HHI has a stable and statistically significant effect on household income,
indicating that increasing specialization is associated with a higher household income. The effect is
of medium strength since a 0.1% increase in the HHI is associated with a 214 EUR/year growth in
household income. This effect of the HHI is present in nearly all models for the Azerbaijani case study
villages (except Reduced model 1); for the Georgian case study villages the HHI is not significant
any more when additional activity variables are introduced (from Reduced model 3) (Supplementary
Material S25 and S26).
Household assets, particularly land and livestock ownership, have a stable, statistically significant
and positive effect on household income across all models. The effect of land ownership is particularly
strong as one additional hectare of land owned is associated with an income growth of 467 EUR/year.
One additional livestock unit leads statistically to an increase in income of 181 EUR/year. In contrast,
the positive effect of more working age household members on household income is smaller (Table 6)
and is not repeated in the country-specific models except Reduced models 3 and 4 for the Georgian
case study villages (Supplementary Material S26). The comparison of model fit indicators shows that
household asset variables contribute most to explaining variation in household incomes.
Among the additional activity variable dummies, the presence of a non-farm income source or a
social benefit income source has a statistically highly significant and stable effect on household income.
The presence of a non-farm income source statistically increases household income by 3440 EUR/year
in the full model (Table 6). In contrast, in none of the models does semi-mobile livestock keeping have
a statistically significant effect on household incomes. The characteristics of the household head are
not generally statistically significant for influencing household income.
Among the location variables, the country dummy confirms that households in the Georgian
villages receive less income than in the Azerbaijani villages, which is consistent also with the comparison
of statistical averages of household income (Table 5). While the dummy for scarce pasture resources is
not significant in the full model, a highly significant positive result was obtained for a remote location,
indicating that in the villages in remote locations, Atabey and Shakhvetila, a relatively higher income
was obtained than in the other villages. The effect of remote location is repeated in the models for
the Azerbaijani case study villages but not for the Georgian ones. Thus, a consistent effect of remote
location or scarce pasture resources was not confirmed in the models.
5. Discussion
We analyzed household income diversification of livestock-keeping households in the Caucasus
region based on a dataset of 303 households. The villages are populated by typical smallholder
households [78] farming, on average, 0.5 to 3 ha land, keeping livestock equivalent to 3–10 livestock
units, and combining agricultural activities with non-farm income.
The studied villages, especially in Georgia, are characterized partly by difficult access by road
and public transport, deficient social infrastructure and few non-farm job opportunities. This leads to
strong outmigration [79], which is also visible in the demographic profile of the surveyed population
showing an aging population with lower proportions of children and working-age individuals. Strong
rural-urban migration and land abandonment is repeatedly reported for rural regions in Georgia [8,80]
and Central Asia [6].
We calculated household income based on the contribution margins of farming activities and
statistical data on non-farm income sources. The calculation of contribution margins yielded first
insights into the economic performance of agricultural activities. While profitability calculations of a
wide range of smallholder agricultural activities are the basis of income calculations and diversification
analyses (e.g., [11,12], they are seldom presented in detail in the literature (the closest for the Central
Asian and Caucasian region is [81]). Compared to estimations based on stated household income [5,6]
or calculations based on gross income from agricultural activities [4], in cost-revenue calculations
with a methodologically sound and consistent treatment of costs, more precise estimates of household
incomes and comparative insights into the profitability of agricultural activities are possible [82].
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However, we could not assess all activities of natural resource use contributing to income, e.g., use of
fruits, fuelwood collection or duck keeping, while we are sure we have captured the major activities
contributing to income [82]. Non-farm income was calculated based on data from statistical offices
in Azerbaijan and Georgia using the reported type of occupations. We chose this approach as no
consistently reliable data from all respondents on the amount of non-farm income earned could be
obtained. Despite the fact that we cross-validated estimations with credible responses from villagers,
the chosen approach adds particular uncertainty to the estimations of non-farm income. A comparison
with data from the statistical offices showed that our average estimations of household incomes are
in Azerbaijan about 24% lower and in Georgia 19% higher than the national averages reported for
rural regions in the specific countries [49,50]. While there may also be actual regional differences in
household income, the comparison indicates that our estimations are within realistic ranges.
The comparison of agricultural activities based on the contribution margin ratio yielded insights
into the relative profitability of agricultural activities. The high profitability of potato production in
Atabey and raspberry production in Keremli (Table 4) provides explanations why these activities are
pursued increasingly (as reported by locals and seen in the data). The low profitability of hay meadow
use explains the increasing abandonment of hay meadows or conversion to potato fields appearing
in some study villages [56]. Thus, the analysis of profitability of agricultural activities has provided
insights into the production decisions of smallholders which are partly governed by cost-revenue
relationships and market prices.
On the first research question about the extent of diversification, we found that most smallholders
indeed generate income from multiple sources. Diversification indices of, on average, 0.33 in Azerbaijani
study villages and 0.43 in Georgian villages indicate that the majority of households are closer to
diversification than to specialization. Most households combine livestock keeping with arable farming,
poultry keeping and non-farm income, either from social benefits or from non-farm work, or derive
income from all 5 categories. This result is not surprising in a global context since among smallholder
households, diversification is the norm rather than the exception [19].
Regarding the role of livestock keeping in diversification (second research question), we find that
the relative contribution of livestock to household income increases with higher household incomes
(Figure 4). The cost-revenue calculations showed with comparably high CMRs that livestock keeping on
village pastures is a profitable activity (Table 4). Thus, an investment in livestock assets is economically
understandable from a smallholder point of view and contributes to increasing household income.
This is also visible in a positive relationship between livestock holdings and household income in the
regression analysis (Table 6).
That a specialization in livestock keeping occurs among the surveyed households is not supported
by the dataset. Semi-mobile livestock keeping did not affect household income in the regression analysis.
However, the household dataset covers only stationary and semi-mobile livestock keepers using village
pastures, while mobile forms of pastoralism also exist in Azerbaijan and Georgia. A specialization in
livestock keeping could be more likely among these mobile pastoralist households [14,51,83].
On the third research question “How do diversification and other household-specific and
location-specific factors affect household income?” we found multiple relationships. While diversification
is the norm, higher household income is mostly associated with higher levels of specialization, especially
in non-farm wage income. This is confirmed by a mostly positive relationship between household
income and HHI and a statistically significant and strongly positive coefficient for non-farm work in
the statistical analysis (Table 6). Thus, our findings confirm a decreasing role of agriculture, especially
in Georgia, while non-farm wages, once present, provide opportunities for higher household income.
Special potential is seen in tourism and the processing of agricultural products [84].
In contrast to other categories, income from pensions and poultry/bees is relatively stable across
all income groups. This indicates that these categories function as “base level activities” present in
nearly all households. The stable and important contribution of pensions to household income can
also be observed elsewhere in the Central Asian region [6].
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Among the household-specific variables, household assets (land and livestock) are associated with
higher incomes, which confirms our expectations. In contrast, labor availability has no stable effect
on household income, indicating that other factors (most likely availability of assets and non-farm
job opportunities) limit income-earning activities. We find no influence of age and education of the
household head on incomes, which may be due to the presence of many multi-generational households
where, in many cases, the household head is not the main income-earner.
On location-specific variables we found no consistent influence of availability of pasture resources
or remote location on household income except country-specific effects. This underlines the repeatedly
reported influence of location variables on diversification [35], while theoretically-based influences of
individual location characteristics are hard to identify empirically [20].
The influence of country-specific characteristics relating to socio-political factors are apparent
in the profitability of activities, income level and composition. As many factors, including cultural,
societal, policy and economic variables, can be causally related to the observed differences, we can
only speculate on this. It may be that the most direct influences are exerted by framework conditions
set by agricultural policy and different transition trajectories. The greater level of land fragmentation,
lower agricultural production (as seen in the higher level of abandoned plots) as well as lower income
levels in Georgia reported in agricultural policy assessments is also visible in the study villages [43,44].
Negative effects are most felt in mountainous remote locations, as in the study village Shakhvetila,
which is characterized by particularly low household incomes, fewer non-farm job opportunities
and high outmigration. Several steps have been taken by the Georgian government to improve
the situation, e.g., a law to support high mountain regions with a number of benefits for residents,
such as higher social allowances and tax exemptions [85], or a legislative framework for agricultural
cooperatives [43,86,87]. In contrast, the performance of agriculture in Azerbaijan is strongly connected
to the overall economic development related to oil and gas exploitation leading to boom and bust
cycles in demand, price levels, investments and agricultural policy making [41]. Agricultural policies
mainly aim at productivity improvements to enhance food self-sufficiency [41,42].
In addition, risk considerations may influence the choice of activities by households [18], especially
in view of increasing risks from climate change [88]. In this study, we could not assess income risk,
since we studied household incomes for one reference year only. Agricultural production is subject to
a number of risks deriving from the natural environment (weather, pest infestations) and the market
(price and selling risks) [89]. Non-farm wage income opportunities bear risks related to the general
economic conditions. Studying risk decisions of the analyzed households might lead to additional
insights but is subject to further research.
6. Conclusions
We analyzed household income data from smallholders in rural Azerbaijan and Georgia to
investigate the extent of income diversification, the role of livestock keeping in diversification and the
influence of household-specific and location-specific variables and diversification on household income.
Our results show that most households diversify their income sources, with the combination
of crop and livestock income, with poultry keeping and social benefits being most widespread.
Households with higher incomes tend to obtain a greater share of their income from non-farm activities,
which leads to slightly decreasing diversification in income.
Besides agriculture, non-farm wage and social benefits, livestock keeping on common village
pastures is an important component in the household income portfolio of the studied households.
By providing access to pasture resources for every village household, common village pastures also
provide poor households with an additional income source, which opens a way to achieve higher
household incomes. However, proper management of common pastures is an important precondition
for ensuring the further productivity and profitability of livestock keeping for smallholders.
Taking into account the context of often deficient rural infrastructure and services as well as
outmigration of the younger section of the population, our results indicate that diversification is
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still the norm in rural regions in Azerbaijan and Georgia. However, agriculture cannot be the only
income source to secure household income in rural regions. This applies in particular to livestock
keeping since on limited village pastures, extending livestock cannot be a sustainable option for every
livestock-keeping household. For enhancing rural household incomes and slowing down rural-urban
migration, efforts to improve the agricultural policy framework according to country specific needs
and the development of non-farm job opportunities are recommended. This is also likely to support
the sustainable utilization of common village pastures by reducing pressure on their use.
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